THE problem of the causes determining the position of the feetus in utero is one which has engaged the attention of investigators from early -times, and has throughout led to much speculation on bases supposed to be correct, but which being often wrong lead to wrong conclusions. One of the most obvious and ancient of these errors which appears not to have yet quite died out is that the foetus lies head upwards until the *seventh month, and then takes a dive and lies head downwards during the remainder of its stay in the uterus. It was not until Onymos, Smellie, and William Hunter demonstrated the true facts of this fundamental matter that any real advance began to be made in its ,explanation.
Hunter says: " All the observations that I have been able to make in dissections and in the practice of midwifery would persuade me that the child's head is naturally downwards through all the later months of utero-gestation, and that neither reason nor instinct teaches it at a particular time any trick of a tumbler or rope-dancer." Thomas Raynalde in " The Byrthe of Mankynde," 1545, described the position of the foetus in utero (with an illustration plate) in the following terms in the last page of the first "booke ": " In the last figure the chylde being a man chylde lyeth after the very manner as it is situat in the .mother's womb, with the hed towardes the ryght angle or corner of the -inatrice, and the legges acrosse." He, like some of us, has no respect whatever for the opinion of those who differ from him. He says: " Albeit there be that do describe the lyeing of the childe after another sort, but to be short they are lyars." He particularly says "a man chylde" and that it lies in the right side of the womb, for since Hippocrates taught it, it was believed that males lie in the right and females in the left half, and that a child in the middle must be a hermaphrodite. This book which I exhibit is, as is well known, the first book printed in England with copper-plate engravings. Mauriceau, 1682, writes: " The foetus lies head upwards until thẽ seventh or eighth month, then turns head downwards by a natural disposition of the weight of the upper parts of the body." Hugh Chamberlen, in his translation of this, adds a footnote that " this movement is due rather to a natural propensity than to the weight of the head."
In 1743, Josephus Onymos, in an inaugural dissertation published by Haller in the fifth volume of his "Disputationum anatomicarum selectarum," p. 325, described with some accuracy the real position of the foetus in utero, and suggests, I believe, for the first time the gravity theory. Section V translated from the somewhat ambiguous Latin reads thus:
" There exist therefore two properties, which reside in the structure and conformation of the parts, namely, specific weight and volume. From these properties results the proper position of the faetus, but these parts can be nothing else than the head, wherein no one will doubt these properties dwell. For it is evident that the head is the part which possesses the greatest volume, as mere inspection teaches us. So, too, as anatomical examination of its structure shows, the head has the greatest specific weight, inasmuch as it is denser than the other parts, but where the density is greater there the weight is greater; for it is known from physics that weights are proportionate to densities. We must now, therefore, enter on the further inquiry how the position (of the fcetus) results from these properties and what kind of position. We know from physics, again, that if a body whose density and weight are not uniform throughout is placed in a sufficiently large vessel of fluid, the force wherewith it acts on the fluid is not uniform, so that that part of the body which is heavier than the other descends towards the centre of gravity with the greater force and speed. Now the head is the part which possesses the greatest volume and weight as compared with other parts, and the uterus is a sufficiently large receptacle, full of liquor amnii. Let the internal orifice of the uterus be the centre of gravity, and let the embryo in the uterus be regarded as the body which we have mentioned immersed in fluid; we shall see that the momentum of descent of its heavier part is in direct proportion to its weight, but the weight of its upper part, that is of the head, prevails over that of its lower part, to which must be added its volume; so the head will necessarily move towards the centre of gravity with greater force and speed than the other end. Therefore the head of the fcetus will always occupy the lower part of the uterus." His physics are not quite in accordance with our present knowledge, and he uses the term " centre of gravity" in a way which I do not understand, but it is clear that the idea underlying his statement is in the main correct.
Jo-1O ill It is not necessary, however, to spend our time in recalling the history of the various theories which have been advanced, they can be studied in the essay of Cohnstein, " Die Aetiologie der normalen Kindeslagen," Monatschriftf. Geburtshiilfe u. Frauenkranheiten, vol. xxxi, 1868, p. 141. Onymos in 1743 apparently originated the gravity theory and was supported in the eighteenth century by Levret, Fielding, Ould, and Roederer. Gravitation, which as we shall see is the predominating factor, has been discussed since that time and has been accepted and rejected by many authors without an accurate knowledge of the factors which would either prove or disprove its importance. Matthews Duncan strongly supported it, Sir J. Y. Simpson as resolutely opposed it, and it has been a great pleasure to me while investigating the subject to find experimentally that many of the statements made by Duncan based on theory and on crude experiment were correct. I therefore determined to investigate the whole question de nzovo, and I now place the results before you.
An important point necessary to be established was the frequency of the presence of the cephalic end of the feetus at the lower or upper pole of the uterus during the later middle months of pregnancy. The almost invariable presence of the cephalic end at the end of pregnancy in the lower pole is universally accepted and needs no independent investigation.
The position, however, in the middle months was one less certainly accepted, and I have made use of every opportunity afforded me to ascertain this point, and I am led to agree with Scanzoni, Veit, Dubois, and others that in the middle months the proportion of head lowest positions of live foetuses steadily increases from 50 per cent. before the sixth month to the almost invariable head lowest position as the mobility of the fcetus in utero decreases in the later middle months.
In the early months the embryo is small in *proportion to its container and is freely movable within it; as pregnancy advances its mobility becomes more and more restricted as the size of the foetus more closely approximates the size of its container; and we may conclude that when this correspondence of size is being reached, and the mobility of the fcetus is greatly restricted, it is unlikely that any such great change of position as would be necessitated by a revolution of the feetus, could be accomplished without some extraneous agent such as is exemplified by external version. And this difficulty of movement, as we shall see later, is greatest when the "lie" is longitudinal and especially so if the head is lowest, and even more if the head and the lower pole of the uterus lie comfortably in a pelvic brim of corresponding size.
We are fully justified in concluding that if a foetus in the last three months lies head downward in the lower pole of the uterus and in the pelvic brim, it is, under ordinary normal conditions, stable in this position and is very unlikely to alter, except as a result of rotation on its longitudinal axis, and that only to a minor extent. The most important conditions which interfere with its stability are those which increase its mobility, such as hydramnion; and those which interfere with its presenting part lying comfortably in the lower pole of the uterus and in th6 pelvic brim, such as the presence of placenta praevia, fibroids in the lower uterine wall, solid or cystic tumours in the pelvis, some deformities of the foetal head such as hydrocephalus; great relaxation of the abdominal wall, allowing great mobility of the uterus, may also act in a similar way. If the foetal head does not lie in a brim adapted to its size it will be unstable and easily moved, and socalled transverse or oblique presentations are therefore commonly met with under these circumstances.
No other part of a foetus is so adapted to the normal pelvis as the head; the breech when the presentation is " complete" rarely enters the brim until labour forces it in, though the " incomplete " breech may engage as firmly and with almost the stability of the head.
For the complete consideration of this problem it is necessary to ascertain certain physical properties of the foetus at rest, and of the liquor amnii, and any forces which disturb the feetus at rest.
(A) THE FCTUS. The foetus, which is a body of varying and not uniform density, is immersed in fluid in a closed cavity of more or less corresponding shape and is for a time freely movable in it; later, as its size more nearly approximates that of the uterine cavity, its mobility is more and more restricted.
My investigations have been directed to the following points
(1) The specific gravity of the foetus at different periods of development and of its most important parts.
(2) The specific gravity of hydrocephalic and anencephalic foetuses and especially of the head in these cases.
(B) THE LIQUOR AMNII. This is a fluid of uniform density in each specimen. (4) We must consider the varying specific gravity of different specimens.
(5) The relative specific gravity of the foetus and the liquor amnii.
(6) The metacentre or centre of buoyancy. This is the centre of gravity of the fluid displaced by the fcetusi.e., the centre of gravity of a substance of uniform density exactly corresponding in shape and size with the foetus.
It is the centre through which the resistance to the descent of the foetus, whatever its position in utero, must act in a vertical direction. In order to illustrate the importance of the specific gravity of the foetus in relation to this question, let me refer to the chief points in discussion between Matthews Duncan and Sir J. Y. Simpson.
Sir James Simpson had tried to show that the chief factor in determining the position of the fotus was the obovoid shape of the cavity of the uterus acquired during the development of pregnancy, and that the fetus adapted itself to this shape so as to lie in the most comfortable position.
Dr. Duncan's view was that the shape of the uterine cavity was principally determined by the shape of its contents, and that gravitation was the essential factor in determining the position of the foetus.
Simpson said: "Most authorities have supposed that the position of the fetus in utero with the head undermost was owing to the greater specific gravity of the head," and that, if this were 'so, " this position ought to be found with more frequency and certainty when the gravitation of the head from any cause was rendered proportionally greater than natural; with less frequency and certainty when the gravitation of the head was rendered proportionally less than natural." " The very contrary of this is, however, the truth. In cases of intra-uterine hydrocephalus, the child's head is larger and heavier than usual." " But this condition of the head, this increased preponderance and gravitation of it, does not render head presentations in these cases more common than usual, but the very reverse. Again, anencephalic foetuses, with the whole brain and arch of the cranium wanting, are still often found presenting naturally."
Dr. Duncan replied thus: " Now this argument, when justly applied, is made to tell most decidedly in favour of the gravitation theory. The altered circumstances of a hydrocephalic foetus have been altogether misapprehended. The hydrocephalic head, although truly much larger and heavier in air, is probably lighter and more buoyant in water. In this way it is demonstrated that the four times greater frequency of abnormal presentations in cases of hydrocephalus proves rather than disproves the influence of gravitation in deciding the position of the fcetus."
With regard to anencephalous fcetuses he hints at the probable error in the argument, but says "We can base no reasonings upon the presentations of anencephalous foetuses whose statistical conditions we do not know."
It will be seen from these very short abstracts what an important bearing on the question the specific gravity of the fcetus as a whole, and of its chief parts, has had in the discussion of this question, and how important it is that this should be determined. Duncan's theory in both cases was correct, as these experiments prove: the anencephalic head has a very high, the well-marked hydrocephalic head a very low, specific gravity.
I have investigated the specific gravity of sixty fcetuses which include examples of each month from the second onwards. Seven of these showed early or advanced maceration. All the rest were fresh fcetuses without any evidence of having died before labour began. A few, however, of these had to be rejected on account of air having entered the lungs in small quantity, or the stomach and intestines in large quantity as the result of attempts at artificial respiration. This. condition was usually suspected by finding a low specific gravity and proved afterwards by examination of the viscera. The omission of this. precaution renders the experiments, and any conclusion drawn from them, valueless. An interesting paper recently published by Dr. Charles G. Barnum, of Groton, Connecticut, in the Journal of the Third month-
(2) 2i oz. ...
Fourth month-
(3) 2i oz.
(4) 44 OZ. ...
(5) 4* oz.
(6) 4 oz.
Fifth month- from the difference of weight in air and in water, great care being taken to avoid error from the admission of air into the foetus and adhesion of air bubbles to the surface when immersed in water. The difficulty of avoiding error was greater when the foetus was divided for the purpose of ascertaining the specific gravity of its constituent parts. The difference between the head and the rest of the body was ascertained in every case.
A considerable number of foetuses were divided into three portions:
(1) The head; (2) the thorax and arms, including the liver and spleen, which in a foetus that has not breathed are entirely covered by the lower part of the thorax; (3) the abdomen and legs. Table I gives the details of forty-six specimens, selected for their accuracy. They show a steady rise in specific gravity as the feetus develops, and this appears to be largely due to the progress in development of bone, and the amount of bone in the different parts. The smallest embryo (No. 1) weighed 174'1 gr., and was expelled at the end of the seventh week after the last menstrual period. Ossification had commenced in the ribs, long bones, lower maxilla and clavicle. Its specific gravity was 1.032. The largest (No. 27) weighed 9Q lb. and its specific gravity was 1.050.
The tables are arranged according to the month of pregnancy so far as this could be ascertained, chiefly from the menstrual history; in a few cases by the developinent of the body. I have included in the tables the sex and the presentation of the foetus where this was certainly known. The small foetuses of the first four months are so movable that it is often not possible to be sure how they lie and present in the lower uterine, segment. In the two of the fifth month, one presented by the breech, the other was not known. In the sixth month three presented by the head, four by the breech and one by the head and left shoulder. I have omitted from some of the tables a considerable part of the details which I have accumulated as being now unnecessary and only of value to any who are interested in studying the rival theories of past writers. When I began this investigation I was under the impression that the determination of the specific gravity of the foetus and its parts would give us the answer to the problem. The few points to which I will draw your attention will demonstrate that this is not the case.
These are: (1) That in no instance does the specific gravity of the head exceed that of the remainder of the body before the end of the sixth month. It is generally lower and in only one case of the sixth month was it equal to that of the body. In three only out of nine normal foetuses of the seventh month was the specific gravity of the head higher than that of the body. In two of the eighth month (the only ones I have examined of this month) the specific gravity of the head was lower than that of the rest of the body. In sixteen full-term foetuses the specific gravity of the head was considerably higher in thirteen than the body, equal in two, and lower in one. It will also be noted that up to the end of the sixth month of pregnancy the difference of specific gravity of the three great divisions of the foetus-namely, its head, thorax with the arms, abdomen with the legs-is very slight.
During the seventh and eighth months the thoracic portion is the highest, and it is only in the last month that the head is constantly higher than the rest of the body. It is also clearly seen that the relative specific gravity of the head to the body has no necessary relation to the lie of the foetus, whether when quite fresh or in various degrees of maceration in utero, -and, contrary to theory, maceration hardly affects the specific gravity of the fnetus.
Two other matters of interest are demonstrated in these tables, matters which were of much importance in the rival contentions of Matthews Duncan, and Sir J. Y. Simpson. The examination of hydrocephalic and anencephalic foetuses show that the theoretical opinion and arguments of Matthews Duncan were correct. The specific gravity of the two hydrocephalic fcetal heads is very low, as low as in normal fetuses of the fifth month-namely, (45) 1.037, (46) 1.039. The head of the anencephalous foetus of the seventh month (23) was very high for the period of development-namely, 1.061. It consists chiefly of bone. The specific gravity of full-term normal male foetuses varies between 1.049 and 1.060, of female between 1.049 and 1.056; the average in nine males 1.055, in seven females 1.053. The specific gravity of the umbilical cord is 1.020, considerably higher than that of the liquor amnii and it therefore sinks when lying free in it.
THE SPECIFIC GRAVITY OF THE LIQUOR AMNII.
The present series comprises 112 specimens, of which eight were specially examined immediately after evacuation, as well as when cold, to show the difference in specific gravity under these conditions; the remainder were taken when cold, and were recorded with the age of the mother, the number and duration of the pregnancy, and the sex, length, and weight of the infant; none of which conditions, however, appear to have any influence on the matter. The table shows that the limits of variation are less than those usually given, the average being 1.007, which agrees with that usually accepted.
Spiegelberg gives the variations as between 1.002 and 1.028, and Whitridge Williams, like many recent writers, gives the same figures. The limits in this series are 1.002 to 1.016, but it will be seen that in the three instances in which the specific gravity exceeded 1.012 there was evidence of some abnormal condition, in two it was of a dark green colour and probably contained meconium, and in the other case the foetus was macerated; though there are, however, two others containing meconium and one from a macerated foetus which have a specific gravity nearer the average. This series does not contain any specimens from early pregnancies, but instances recorded by other observers make it probable that there is little variation at the different periods of pregnancy. The large majority in this series are of the ninth month, a few only of the seventh and eighth month. The complete tables, which I do not exhibit, appear to show that the specific gravity of the liquor amnii is independent of the sex, weight, and length of the foetus, and of the age of the mother and the number of her pregnancies. 
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This table shows the low specific gravity of the liquor amnii at the body temperature.
A comparison of the specific gravities of feetuses and liquor amnii shows an increasing preponderance of that of the foetus throughout pregnancy, and the foetus must therefore always sink to the most dependent part of the uterus.
FETAL MOVEMENTS.
There are two kinds, passive and active. The passive movements of the foetus are due to its weight and to changes of posture of the mother, such as from standing to sitting, or when lying on the back, or changing from one side to the other, in which the greater specific weight of the foetus causes it to sink to the most dependent part of the uterus. While the foetus is small, or when there is a great quantity of liquor amnii, the effect of such movements, as of all others affecting the foetus, may be of importance, but when the mobility of the foetus is restrained, the effect must be limited more and more and can at most effect a change laterally as from a first to a second position.
In considering the question of the effects of factors which disturb the foetus at rest, it is interesting to realize the very small effective weight of the foetus immersed in liquor amnii of the average specific gravity. This I have ascertained, and find that 7 oz. represent the effective weight of a full-term foetus of 7 to 8 lb. weight in liquor amnii of this average specific gravity, as it sinks to and rests on the most dependent part of its containing cavity, of which weight about one-third is contributed by the head and two-thirds by the body of the fcetus. The weight of the body may be taken as accurately representing the gentle pressure, which maintains the flexion of the foetal head on the body when the head is lowest, and the weight of head as representing the still more gentle pressure of flexion where the breech is lowest. This gentle pressure is not augmented until the contractions of the uterus in labour cause a greatly increased pressure on the foetus and on the passage from the uterus, which has to be dilated for the extrusion of the foetus.
ACTIVE MOVEMENTS OF THE FETUS.
These are the movements of the limbs, which are often of a sudden and jerky nature; the gentle sliding movements can hardly be of importance as causes of disturbance of the position of the foetus. Movements of the arms are of less importance than those of the more powerful legs, which being attached to one pole of the foetus may, under certain circumstances, cause movement of the whole foetal body.
When the foetus kicks, its foot or knee strikes the uterus, which is generally flaccid and yields. to the pressure, and there will be little movement of the foetal body. External to the uterus the abdominal walls and contents are for the most part elastic, and as we often see, yield to the pressure of the limbs, but at the lower pole the pelvic brim offers a firm resistance, and movement of the foetus would be probable if it is freely movable and if the breech presents and the foetus can kick its mother's pelvis. If, however, as is usually the case, the breech lies in the upper pole and the feetus is only able to kick the elastic structure between the fundus and the diaphragm, and if in addition the foetus is not freely movable, the effects of the foetal movements on its body would be slight and of little importance; and I may repeat the statement that if a foetus of a size nearly corresponding to that of its container lies with the head in the lower pole of the uterus, and both lie comfortably in the pelvic brim, it is in a condition of stability from which it is not easily disturbed. On the other hand, if a foetus, owing to its free mobility or from any of the causes previously mentioned, lies in an oblique or other position above the brim, its position is not stable and may vary as the result of its own movements, or of movements communicated to it by the varying positions of the mother.
MOVEMENT DUE TO UTERINE CONTRACTION.
Contractions of the pregnant uterus are so commonly observed that if they produced any marked change in the position of the foetus their effect would be well known. I have never seen any such effect, nor do I know of any evidence in favour of it. When the fetus and uterus approximate in size, their long axes correspond in direction, and it is probable that in the event of their not doing so the contractions of the container would tend to redress any considerable diversity, but would have little or no effect in determining which end of the long axis of the foetus occupies the upper or lower pole of the uterus. We are, therefore, probably justified in concluding that the cumulative effects of the natural forces which disturb the fcetus at rest can only act as assistants in adapting the long axis of the foetus to its container, and while it is freely movable, to enable the only dominant and always present forcenamely, gravity-to act efficiently until the position has become stable. We know of no natural factor capable of disturbing it when once this is attained, and if such a change of position is desired we have to employ external version, and even then we are not always able to accomplish it.
THE CENTRE OF GRAVITY OF THE F(ETUS AND THE METACENTRE.
This aspect of the problem was suggested to me recently when making inquiries about the methods used by designers for ascertaining the buoyancy and stability of boats and vessels of all kinds on or in water, and with the invaluable assistance of Dr. Womack, Lecturer on Physics at St. Bartholomew's Hospital, I have been able to carry out some experiments to determine these points. While the principle involved is a simple one, the determination of the centre of gravity of the foetus with sufficient accuracy is not difficult, but the determination of the metacentre involves technical difficulties which can only be overcome by experience and with the aid of an expert in making casts and in modelling. It is this part of the question which has necessitated so much delay on my part in bringing this problem before you.
The centre of gravity I worked at years ago, and the results are interesting as far as they go, but. the problem is to be determined by ascertaining the relative positions of the centre and metacentre or centre of buoyancy.
The stability or buoyancy of a boat or any vessel intended to float (see fig. 1 ) is determined first by ascertaining the centre of gravity of the boat (G) -that is, the point through which in any position of the boat its weight (W) would tend to sink it; secondly, to find the metacentre or centre of buoyancy (M)-that is, the point through which the vertical upthrust (F) of the supporting fluid must act in any position of the boat. This point corresponds with the centre of gravity of the fluid displaced by the boat, and is, therefore, identical with the centre of gravity of any body of uniform density and of precisely the same shape and size as the portion of the boat which is submerged. These two forces, the weight and resistance, are necessarily equal, and if the centres through which they act coincide, the floating body, unless disturbed by some other agency, would remain at rest in any position in which it is placed. If the centres do not coincide, but are at some distance from each other, and there is no extraneous force to complicate matters, the couple thus formed would tend to rotate the boat until it comes to a position of rest with the centre of gravity vertically below the metacentre, causing it to return to its upright position, or if the position of the centres is reversed, causing it to capsize.
If this principle is applied to the fcetus ilmmersed in fluid (fig. 2 ), owing to its weight being greater than an equal quantity of liquor amnii, it must be brought to rest by the resistance of the uterine wall plus the upward thrust of the surrounding liquor amnii, the weight (W) of the foetus acting through its centre of gravity (G), the resistance (F) through the centre of gravity of the displaced fluid-i.e., the metacentre (M)-it must foflow that if the two centres do not coincide, the foetus can only be brought to rest when its centre of gravity lies vertically below the centre of buoyancy. The centres cannot coincide, the liquor amnii is of uniform density, the feetus is not, so that if the centre of gravity of the fetus is nearer the head end of -the axis of the foetus than the centre of buoyancy, the head end if free to move must tend to sink to the most dependent part. This tendency will be aided by all movements which disturb the feetus at rest, to which I have referred.
The instrument used in my earlier experiments for determining the position of the centre of gravity was made for me by the Cambridge Scientific Instrument Company. It consisted of a rectangular table of hard wood perfectly balanced on knife edges: a line is marked on the table uniting the knife edges on which it is supported. This table, though made for large foetuses, was found to be reliable for embryos of the early months. A foetus tied up by thread in the attitude usual in utero is laid on the table and adjusted until perfectly balanced; the centre of gravity lies in the vertical plane of the foetus resting on the line joining, the knife edges. This plane is marked on the foetus. In order to determine the position of the centre of gravity in this plane two other intersecting planes are ascertained by shifting the foetus and then marking them in the same way. Long steel needles are then passed through the feetus in these planes and the point of intersection taken as representing the centre of gravity. This point was without exception close to the upper surface of the diaphragm, at the spot where the inferior vena cava enters the right auricle.
Some details are given of fourteen fcetuses of the fourth and succeeding months and show the distance of the centre from the vertex and the breech, and in some instances the point of intersection of the needles (see Table IV ). from vertex, 5 4 in. from breech (head presentation). (9) Middle of eighth month, female, length 11 1 in. Centre of gravity is 6 5 in. from vertex, 4-8 in. from breech (vertex presentation). (Artificial respiration, partial inflation of lungs, and corresponding descent of heart and liver.) (10) Early ninth month, male, length [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] in. Centre of gravity is 6 in. from vertex, 5-25 from breech. (11) End of ninth month, length 13 in. Centre of gravity 7 in. from vertex, 6 in. from breech (needles cross in pericardium close to right auricle). (12) End of ninth month, female, length 13-2 in. Centre of gravity is 7-2 in. from vertex, 6 in. from breech (needles cross in pericardium close to right auricle). (13) End of ninth month, male, length 12-4 in. Centre of gravity is 6-7 in. from vertex., 5*7 from breech (vertex presentation).
(14) End of ninth month, male, length 13 in. Centre of gravity is 6-6 in. from vertex, 6-4 in. from breech (breech presentation).
From this table it will be seen that the centre of gravity is nearer the head than the breech in the specimen of the fourth month only, in the five specimens of the fifth and sixth months it is practically midway, and in seven specimens of the eighth and ninth months it is nearer the breech end.
This gradual displacement of the centre of gravity towards the breech end of the foetus is apparent, not real, for it will be remembered that in every case tested in this respect the intersecting needles meet at the point where the inferior vena cava enters the heart, so that there is no variation in the position of the centre of gravity in relation to this part of the body; it appears to be constant, but owing to a greater elongation of the cephalo-thoracic portion than of the abdominal portion of the foetus, the distance from the extremities of the long axis varies, and this causes an apparent displacement. Recent writers have noticed the apparent displacement and have accepted it as real, and so far as I know no actual determination of this point has previously been made.
I draw attention to No. 9 in the series, where the centre of gravity was found to be 6,5 in. from the vertex and only 4.5 in. from the FIG. 3. breech, a difference so great as to throw doubt on the accuracy of the result.
On referring to my original note and drawing of the foetus, I find it stated that prolonged artificial respiration was carried out, that the lungs were partially inflated, and that the liver and heart were displaced downwards from their usual positions in the thorax, in this way accounting for the displacement of the centre of gravity. I have, however, retained the record in the table.
The later experiments to ascertain the relative positions of the centre of gravity and metacentre were carried out on a balance designed for me by Dr. Womack (fig. 3) . It consists of a horizontal table suspended by four strings passing from its corners to the rod E F. A line, A B, across the table, lying vertically below E F, is sighted by means of two uprights, A and B, which are arranged in alignment. The foetus in the usual intra-uterine attitude, or its replica in wax, is placed on the table and adjusted until the lines A, B, C and -D are exactly in alignment. Then the centre of gravity will lie in the vertical plane A B, E F. This plaiae is marked on the foetus and the distance measured from this line to the two extremities of the foetus, vertex, and breech. These measurements record the position of the centre of gravity of the foetus in relation to its long axis. The metacentre was then obtained by making a plaster of Paris model and a wax cast of the faltus in exactly the same position and attitude and finding its centre of gravity.
Our early attempts were only partially successful owing to the complicated form of the foetus, due especially to its folded arms and legs, but I was fortunate in obtaining the assistance of Mr. Fossick, an expert artist in modelling and making casts. He made a mould which could easily be taken to pieces for the removal of the fcetus, and when placed together again enabled him to make an accurate cast in wax of the foetus.
The two casts I exhibit were made in the Physical Laboratory at St. Bartholomew's Hospital, one in paraffin by ourselves, and one in a wax mixture made by Mr. Fossick. The wax casts represent accurately the fcetuses in size and contour, and therefore represent the liquor amnii as displaced by the foetus in utero, and unlike the foetus, but like the liquor amnii, they are of uniform density. The centre of gravity of the cast therefore represents the centre of gravity of the displaced liquor amnii and is the required centre of buoyancy or the metacentre. In both these full-time fresh foetuses the metacentre lies 5 mm. nearer the breech end of the foetal axis than the centre of gravity, and so far the problem is solved. It may be of interest to add in respect of the purely mechanical questions raised in the paper a few remarks which Dr. Womack contributes on the magnitude of the forces which come into operation. "The foetus (No. 1,  Table V) , weighing in air 2,950 grm., weight in liquor amnii about 184 grm., the upthrust of the fluid is 2,766 grm. Supposing the foetus first placed with its long axis horizontal, there would thus be a pair of forces each of 2,766.,grm. acting at a distance of 0.5 cm. from one another. This constitutes a 'couple' whose 'moment' is 2,766 by 0'5 or 1,383 centimetregrammes. As the foetus changes position this 'moment' diminishes (as it does in most mechanical problems-e.g., the movement of a pendulum, or the closing of a door-but allowing for this, if the rotation of the foetus were unresisted by friction with the liquor amnii or by the passive resistance of the uterine wall, it would result in the foetus rotating into the vertical position in so short a time as one-third of a second approximately. When in liquor amnii, the couple acting on the foetus is still the same, but owing to fluid friction the rotator motion would be slower and uniform. It is, however, not possible to calculate with certainty the time of rotation through 90°, but judging from similar problems met with in hydrodynamics, the time required would be approximately sixty-five seconds. No such rapid rotation is to be expected, the figures are merely given to illustrate the magnitude of the purely mechanical effects if the resistance of the uterine wall is ignored. But the continued action of the couple, always in the same direction, though slow of effect, would be favoured by the intermittent contraction of the uterine wall, the movements of the fcetus and of the mother."
In order to complete this investigation, it is necessary to ascertain the relative position of the centres in foetuses of the earlier months.
This I intend to do and to bring the results before the Section at a later period.
In this paper I have avoided criticism of the views of others, for I venture to think that the systematic experimental work which I have done will be of more value than criticism, and will, for the future, help to remove much speculation and many sources of error, on which so much that has been written on this subject has been based.
